Introduction
Liquid metal transportation represents a complex task, primarily due to high temperature of the metal, rapid cooling, changes of the metal structure during the transport, time interval in which the liquid metal needs to be transferred from the foundry to the rolling mill, etc. During the last years, many researchers have studied problems associated with optimization of the thickness and composition of insulation wall of tanks and other engineering constructions, by application of numerical methods [1] [2] [3] [4] [5] [6] . Tanks for liquid aluminum transportation must have a wall made of special materials in order to prevent cooling of aluminum below the melting point and solidification point, during its transfer from the foundry to the rolling mill.
Wall of tank for liquid aluminum transportation has a multilayered structure, made of materials which have low coefficient of conduction. Part of insulation wall that is in direct contact with liquid aluminum is made of concrete. External layer of the insulation wall is made of S235JRG2 steel. High insulating, heat resistant materials are used in between these internal concrete layer and external steel layer. The first layer is made of Insulfrax High Temperature Insulation Paper [7] , which is easily die cut and fabricated for a variety of thermal applications including gaskets, aerospace heat shields, mold liners, refractory back-up insulation. The next layer is made of VATRAMIL ® GM 22 [8] , which is high temperature resistant mass with excellent fire protection.
The objective of this paper is to optimize and obtain the best solution for thickness of concrete and VATRAMIL ® GM 22 layers within the insulation wall of the tank, by application of PAK-T [9] software package, which is based on finite element (FE) method and heat conduction laws [10] [11] [12] [13] [14] . Requested condition is to prevent liquid aluminum to cool down below 750 o C after 8 h, as well as to keep the temperature of the outer layer made of S235JRG2 steel below 100 o C. Coefficients of conduction of insulation materials are changing with the temperature, what is taken into account.
Software package PAK-T [9] is developed based on the theory of the heat conduction and theoretical foundation is given at the beginning of the paper. Application of PAK-T in optimization of the tank wall thickness is presented further in this paper.
Basic equation of heat conduction

Differential equation of energy balance
Differential equation of energy balance equation is based on fundamental principle of energy conservation. Namely, change of material internal energy per time unit, within elementary volume dV , is equal to the quantity of heat energy accumulated in that same volume per time unit. Therefore, the following equation can be stated:
where, dQ and dU are changes of heat and internal energy within volume dV in elementary time interval dt . Change of internal energy can be expressed in the following form:
where  is material density, c -specific heat, and T -temperature. By using fig. 1 , expression d d Q t can be formulated as: In case of isotropic material, the following is valid:
By substituting (3) and (2) into energy balance equation (1) and using (4), differential equation is obtained in the following form:
or by using index notation,
Initial and boundary conditions
General solution of differential equation of heat conduction comprises indefinite functions and constants. Solution for temperature field   , , , T x y z t that satisfies given initial and boundary conditions is to be found, in scope of practical solving of the problem. There is a unique solution for given initial and boundary conditions. Initial conditions are given only for transient problems. They assume that temperature distribution is known at the initial moment 0 t  , namely:
where
x y z is given function of material points coordinates.
In general, boundary conditions can be: a) given temperature at 1
c) given heat convection at 3
where 1 2 3 , , S S S and 4 S are parts of the surface S , as symbolically represented in fig. 2 .
Temperature s
T is surface temperature, n h ,and r q are fluxes through the surface, 0 T is environment temperature, h is coefficient of convection, r h is coefficient of radiation and r T is the temperature of radiation source. Equation that need to be satisfied for the boundary condition b) can be written as follows, based on Fourier's law of heat (4): S ). In case when material characteristics do not depend on temperature and radiation does not exist as a boundary condition, problem is linear, due to a fact that all differential equations that describe heat conduction law and boundary conditions, are linear dependent on temperature. 
Incremental finite element equations and Galerkin method application
The derivation of the finite element balance equations is based on equations given in the previous text. Galerkin method is then applied, for derivation of FE equations. Based on differential equation of heat conduction (7), the following can be written:
where I h are interpolation functions and N is number of nodes per element, and V is finite element volume. Three-dimensional (3D) isoparametric finite element is applied, as defined in [4] . Interpolation functions, geometry and number of nodes are also adopted. Temperature (T ) in a point of element, defined in natural coordinates , ,    is given as:
are row matrix of interpolation functions and column matrix of nodal temperatures, respectively. Eight-node 3D finite element with temperature at the element point and nodal temperatures is shown in fig. 3 . Applying the partial integration and Gauss theorem on second integral in (14) , the following is obtained:
When element surface heat flux n q is given and based on (13), the following can be written: 
where the following relations are valid: Using (19) - (26), (15) and (14), the system of equations of the following form is obtained:
CT+KT=Q  (27) where matrix components for C and K and column matrix Q are determined as: 
where derivatives of interpolation functions are given by I,x (29) is developed as follows. We set up a condition to satisfy (27) at the final step and consequently, this equation is written in the following form: (46) where (1) ΔT are increments of the temperature for the first iteration. Therefore, solution is obtained from (44) as:
where t+Δt (1) t (1) T = T+ΔT (50) into (44), where instead of
K and t+Δt (0) Q we put (1) C ,
K and t+Δt (1) Q , it may be, therefore, concluded that the left hand side is not equal to the right hand side. Equation (44) is then transformed into following form:
t+Δt (1) 1 C T -T+ΔT +K T +ΔT = Q Δt 
where the following expression for temperature is used
(i-1) T = T+ΔT +ΔT +...+ΔT (53) which represents the known temperature from the last iteration. Obviously, the solution of (52) for temperature increment (i) ΔT is:
Iterative procedure is continued until temperature increment at nodes is not sufficiently low, what can be expressed in the following form:
where a  and r  are selected absolute and relative tolerances and ΔT is temperature increment norm.
Analysis of tank for transportation of liquid aluminum
Tanks designed for liquid aluminum transportation must satisfy certain requirements regarding temperature of loading and unloading during transport. Liquid aluminum temperature during loading of the tank is 900 o C. Requested condition is to prevent liquid aluminum to cool down below 750 o C after 8 h, as well as to keep the temperature of the outer layer made of S235JRG2 steel below 100 o C. Observed tank has multilayered insulation wall. Problem is modeled with 2D axisymmetrical four-node finite element, since the tank is axisymmetrical structure. One half of the tank model is shown in fig. 4 .a. It should be noted that the tank is not filled with aluminum up to the top. Detailed view of the multilayered insulation wall is given in fig 4. b. 
Results and discussion
Solved problem is nonlinear since material characteristics are temperature dependent. The solution is obtained in 48 time steps with time increment of 600 s. The problem of nonlinear transient heat conduction is solved for three cases according to different layer thicknesses of VATRAMIL ® GM 22 and Concrete as shown in Table 1 . Temperature field for all three analyzed cases of the material layer thickness, after finished calculations, is presented in fig. 7 . 
Conclusions
This paper deals with possible optimization of real construction design of tank for liquid aluminum transport, by application of software package PAK-T. Complete software package is based on heat conduction theory, starting with balance equation and considering initial and boundary conditions. Forming of FE matrices and procedure for solving energy balance equations by implicit iterative methods were presented. The main objective was to found optimal solution for material layer thickness at the tank insulation wall. Obtained FE results shows that only case of analyzed material layer thicknesses used for insulation wall (70 mm Concrete, 5 mm Insulfrax paper, 65 mm VATRAMIL ® GM 22 and 8 mm S235JRG2 steel) can be used for liquid aluminum transport. 
